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(54) In-situ measurement method and apparatus for semiconductor processing 



(57) A measurement device for in-situ measure- 
ment of processing parameters, in accordance with the 
present invention, includes a semiconductor wafer hav- 
ing at least one processed chip formed thereon. The 
processed chip further includes at least one sensor for 
measuring process parameters. A memory storage de- 
vice for storing the process parameters as the process 



parameters are measured by the at least one sensor is 
also included. A timing device is provided for tracking 
the process parameters as a function of time, and a pow- 
er supply is included for providing power to the at least 
one sensor, the memory storage device and the timing 
device. Also, a method is described for making meas- 
urements with the measurement device. 
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Description 
BACKGROUND 

1. Technical Field 

[0001] This disclosure relates to semiconductor fabri- 
cation and more particularly, to an improved method and 
apparatus for in-situ parameter measurement and con- 
trol to provide improved yield. 

2. Description of the Related Art 

[0002] Semiconductor processing involves maintain- 
ing a controlled environment for various fabrication 
steps. Semiconductor wafers are typically placed inside 
a chamber and exposed to various temperature and 
pressure conditions. During fabrication, control of these 
parameters impacts chip yield. Temperature differences 
across the wafer lead to process nonuniformity and re- 
sult in yield loss. 

[0003] Temperature is typically measured on the wa- 
fer using temperature dots or thermocouples. Temper- 
ature dots are fixed on the wafer and give a rough esti- 
mate of the temperature distribution across the wafer. 
Temperature dots do not generally measure the temper- 
ature at the surface of the wafer. Further, temperature 
dots have a resolution of only ± 5° C. To effectively use 
temperature dots, it is often necessary to perform many 
trials to get a timely resolved temperature measure- 
ment. Even then, the temperature is not determined 
over the full wafer. A maximum temperature is reached 
and recorded by the temperature dots, but there is no 
time resolution of when the maximum temperature was 
reached. Thermocouples must be mounted on the wafer 
and suffer from the same deficiencies as temperature 
dots. 

[0004] A "charm 0 wafer is commercially available from 
Wafer Charging Monitors, Inc. The "charm" wafer meas- 
ures only peak values for temperature and therefore 
does not provide timely information since peak values 
could occur at various times during processing. 
[0005] Therefore, a need exists for an apparatus and 
method for determining temperature at a wafer surface 
which is accurate and reliable. A further need exists for 
an apparatus and method for determining temperature 
for different chamber and/or chuck configurations. 

SUMMARY OF THE INVENTION 

[0006] A measurement device for in-situ measure- 
ment of processing parameters, in accordance with the 
present invention, includes a semiconductor wafer hav- 
ing at least one processed chip formed thereon. The 
processed chip further includes at least one sensor for 
measuring process parameters. A memory storage de- 
vice for storing the process parameters as the process 
parameters are measured by the at least one sensor is 



also included. A timing device is provided for tracking 
the process parameters as a function of time, and a pow- 
er supply is included for providing power to the at least 
one sensor, the memory storage device and the timing 
s device. 

[0007] Another measurement device for in-situ meas- 
urement of processing parameters includes a semicon- 
ductor wafer having at least one processed chip formed 
thereon. The processed chip further includes sensors 
10 for measuring process parameters and a memory stor- 
age device for storing process parameter data as the 
process parameters are measured by the sensors. A 
timing device is included for tracking the process param- 
eters as a function of time, and a power supply is includ- 
es ed for providing power to the at least one sensor, the 
memory storage device and the timing device. The sem- 
iconductor wafer also includes an interface mounted 
thereon for retrieving the process parameter data from 
the memory storage device. 
20 [0008] In alternate embodiments, the at least one sen- 
sor includes a plurality of sensors either distributed 
across the semiconductor wafer, positioned at predeter- 
mined locations on the semiconductor wafer or both. 
The process parameters may include temperature, ra- 
2S diation, voltage or charge current. The memory storage 
device may include an electrically erasable programma- 
ble read only memory (EEPROM). The at least one sen- 
sor may include a p-n junction device. The power supply 
is preferably powered by an external light source. The 
30 measurement device may further include a processor 
for managing device functions. 

[0009] A method for measuring process parameters 
during a semiconductor fabrication process includes the 
step of providing a semiconductor wafer having at least 

35 one processed chip formed thereon, the processed chip 
further including at least one sensor for measuring proc- 
ess parameters, a memory storage device for storing 
the process parameters as the process parameters are 
measured by the at least one sensor, a timing device for 

40 tracking the process parameters as a function of time 
and a power supply for providing power to the at least 
one sensor, the memory storage device and the timing 
device. The method further includes the steps of secur- 
ing the wafer in a processing chamber, subjecting the 

45 wafer to a process to be tested, storing process param- 
eter data according to the measured process parame- 
ters in the memory storage device during the duration 
of the process to be tested and retrieving the process 
parameter data. 

so [0010] In other methods, the process parameters 
preferably include temperature. The step of measuring 
temperature with a resolution of about . 1 degree Celsi- 
us may also be included. The process parameters may 
also include at least one of radiation, voltage and charge 

55 currents. 

[0011] These and other objects, features and advan- 
tages of the present invention will become apparent 
from the following detailed description of illustrative em- 
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bodiments thereof, which is to be read in connection with 
the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0012] This disclosure will present in detail the follow- 
ing description of preferred embodiments with reference 
to the following figures wherein: 

FIG. 1 is a top plan view of a semiconductor wafer 
having a plurality of devices with sensors and a 
power supply for making parameter measurements 
during a semiconductor fabrication process in ac- 
cordance with the present invention; 
FIG. 2 is a schematic diagram showing the device 
of FIG. 1 in greater detail in accordance with the 
present invention; 

FIG. 3 is a schematic diagram of an alternate em- 
bodiment of the device in FIG. 2 showing a process/ 
logic circuit for controlling functions of the device in 
accordance with the present invention; and 
FIG. 4 is a flow diagram of a method for making in- 
situ measurements in accordance with the present 
invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0013] The present invention relates to semiconduc- 
tor fabrication and more particularly, to an improved 
method and apparatus for in-situ temperature measure- 
ment and control to provide improved yield. The present 
invention provides spatial, timely and accurate temper- 
ature measurement on a surface of a semiconductor 
wafer. In accordance with the present invention, a wafer 
is provided having a power source, and sensors for 
measuring various parameters during a fabrication 
process. The wafer tests parameters for processing pri- 
or to fabricating semiconductor wafers which are to be 
manufactured according to the tested process. In pre- 
ferred embodiments, the wafer includes memory for 
storing data and a clock for recording parameters as a 
function of time. 

[001 4] Referring now in specific detail to the drawings 
in which like reference numerals identify similar or iden- 
tical elements throughout the several views, and initially 
to FIG. 1, a wafer 10 is shown in accordance with the 
present invention. Wafer 10 is preferably a fully proc- 
essed device having functional devices 12 formed ther- 
eon. Wafer 10 with devices 12 may be custom made for 
each individual application or have standardized wafers 
10 with predetermined measurement features and de- 
vices. 

[001 5] Devices 1 2 are spatially distributed across wa- 
fer 10, in this way data may be gathered at various lo- 
cations. In a preferred embodiment, devices 12 includes 
sensors 14 which may be activated in regions of partic- 
ular interest, for example, at edges 16 of wafer or at a 



center 1 8 of wafer 1 2. Wafer 1 0 is capable of memory 
storage of data collected during processing. An inter- 
face 32 may be provided on wafer 10 to retrieve collect- 
ed data. 

s [0016] Referring to FIG. 2. a device 12 is schemati- 
cally shown. Device 12 includes a power supply 20. 
Power supply 20 preferably powered by an external light 
source or light generated from a plasma during process- 
ing. Power supply 20 may include a p-n junction device, 

10 i.e., a solar cell, integrated into wafer 10 or include a 
device externally mounted to a surface of wafer 10. 
Power supply 20 may include an energy storage device, 
such as a battery. Circuitry 22 is provided to connect 
power supply 20 to other devices and to convert a volt- 

15 age of power supply 20 to a useable and stable energy 
supply. For example, circuitry may include filters and 
other conditioning components. 
[0017] Device 12 further includes memory storage de- 
vices 24 for storing data therein. In a preferred embod- 

20 iment, memory storage device 24 include electrically 
erasable programmable read only memory (EEPROM). 
Other types of memory are also contemplated. EEP- 
ROMs enable the storage of collected data and may 
serve as a voltmeter to measure threshold voltage shifts 

25 in transistors as described in "A new technique for solv- 
ing wafer charging problems", by Shideier et. al., Sem- 
iconductor International, July 1995 pp. 153-158, incor- 
porated herein by reference. Memory 24 are coupled to 
interface 32 such that data stored therein may be re- 

30 trieved. 

[0018] Device 12 includes temperature sensors 26. 
Temperature sensors 26 are mounted at or near the sur- 
face of wafer 10. Temperature sensors 26 include solid 
state devices integrated into wafer 10. The solid state 

35 devices for temperature preferably include p-n junction 
devices such that temperatures can be measured accu- 
rately in the order of tenths of a degree Celsius, for ex- 
ample with a resolution of .1 degrees C. Temperature 
sensors 26 may be distributed evenly over the surface 

40 of wafer 10 (FIG. 1) and/or positioned in regions of in- 
terest where additional data is desired. Other sensors 
30 may be included on wafer 10, for example concen- 
tration sensors for measuring element concentration 
during processing, pressure sensors, voltage sensors, 

45 charge current sensors, radiation (UV) sensors, etc. 
[0019] A clock 28 is preferably included in device 12. 
Clock 28 measures intervals between data collection cy- 
cles thereby measuring temperatures or other parame- 
ters as a function of time. Alternately elapsed time may 

so be stored in memory devices 24 thereby resulting in time 
dependent measurements. Clock 28 may be a solid 
state device which measures time intervals and/or mon- 
itors the passage of time between data collection. Such 
a device may include CMOS technology. By including 

55 clock 28, the present invention advantageously pro- 
vides monitoring and data collection tracking over a pre- 
determined time interval thereby providing a more com- 
plete set of data. Further, fluctuations during processing 
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may be monitored, such as plasma fluctuations. 
[0020] The present invention is independent of 
chucks for holding wafer 10 and processing chambers 
for fabricating wafers since wafer is self-contained hav- 
ing all measurement devices and power supplies are in- 
tegrated therein or coupled thereto. The present inven- 
tion is installed in a chamber to test a fabrication proc- 
ess. During processing various parameters are meas- 
ured and stored to be compared to desired values and 
tested for uniformity across wafer 1 0. When the process 
is completed, wafer 10 is removed from the chamber 
and the data is retrieved through a data interface 32 
(FIG. 1 ). Using the collected data, the process parame- 
ters may be varied to achieve a more accurate and re- 
liable process in accordance with the invention. 
[0021] Referring to FIG. 3, an alternate embodiment 
of the present invention is shown. A processor or logic 
circuitry 40 is included for controlling functions of device 
1 2. Processors 40 may be included for each device 1 2 
or a single processor 40 may be provided for a plurality 
of devices 1 2 to be located at a location other than de- 
vice 12. Processor 40 preferably provides power condi- 
tioning of power supply 20 voltages. Processor 40 also 
controls data collection of sensors 26 and 30 according 
input from clock 28. Processor 40 further retrieves data 
form sensors 26 and 30 and stores and manages the 
data to be stored in memory storage devices 24. Proc- 
essor 40 supplies data to interface 32 (FIG. 1). 
[0022] Referring to FIG. 4, a method of measuring 
processing parameters is shown in accordance with the 
present invention. In block 100, a wafer is provided in 
accordance with the present invention. In block 102, the 
wafer is installed in a chamber using chucks. The 
present invention is independent of the chucks and 
chamber type. In block 104, a process to be tested is 
performed of the wafer In block 106, data is collected 
and stored in memory, the parameters including temper- 
atures, pressures, radiation levels, voltages, and/or 
charge currents. The data is collected over time inter- 
vals or at predetermined stages in the process. In block 
108, when the process ends, the wafer is removed. In 
block 110, data is retrieved from memory. The data is 
analyzed and the process is modified according to pre- 
determined specifications in block 112. 
[0023] Having described preferred embodiments for 
a novel and method (which are intended to be illustrative 
and not limiting), it is noted that modifications and vari- 
ations can be made by persons skilled in the art in light 
of the above teachings. It is therefore to be understood 
that changes may be made in the particular embodi- 
ments of the invention disclosed which are within the 
scope and spirit of the invention as outlined by the ap- 
pended claims. Having thus described the invention with 
the details and particularity required by the patent laws, 
what is claimed and desired protected by Letters Patent 
is set forth in the appended claims. 



Claims 

1. A measurement device for in-situ measurement of 
processing parameters comprising: 
5 a semiconductor wafer having at least one 

processed chip formed thereon; the processed chip 
further comprises: 

at least one sensor for measuring process pa- 
io rameters; 

a memory storage device for storing the proc- 
ess parameters as the process parameters are 
measured by the at least one sensor; 
a timing device for tracking the process param- 
15 eters as a function of time; and 

a power supply for providing power to the at 
least one sensor, the memory storage device 
and the timing device. 

20 2. The measurement device as recited in claim 1, 
wherein the at least one sensor includes a plurality 
of sensors distributed across the semiconductor 
wafer. 

25 3. The measurement device as recited in claim 1, 
wherein the at least one sensor includes a plurality 
of sensors positioned at predetermined locations on 
the semiconductor wafer. 

30 4. The measurement device as recited in claim 1 , 
wherein the process parameters include tempera- 
ture. 

5. The measurement device as recited in claim 1 , 
35 wherein the process parameters include at least 

one of radiation, voltage and charge current. 

6. The measurement device as recited in claim 1, 
wherein the memory storage device includes an 

40 electrically erasable programmable read only mem- 
ory (EEPROM). 

7. The measurement device as recited in claim 1, 
wherein the at least one sensor includes a p-n junc- 

45 tion device. 

8. The measurement device as recited in claim 1, 
wherein the power supply is powered by an external 
light source. 

so 

9. The measurement device as recited in claim 1, 
wherein the measurement device further comprises 
a processor for managing device functions. 

55 10. A measurement device for in-situ measurement of 
processing parameters comprising: 

a semiconductor wafer having at least one 
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processed chip formed thereon; 

the processed chip further comprises: 

sensors for measuring process parame- 
ters; 5 
a memory storage device for storing proc- 
ess parameter data as the process param- 
eters are measured by the sensors; 
a timing device for tracking the process pa- 
rameters as a function of time; and 10 
a power supply for providing power to the 
at least one sensor, the memory storage 
device and the timing device; 

the semiconductor wafer including an interface is 
mounted thereon for retrieving the process pa- 
rameter data from the memory storage device. 



memory storage device for storing the process 
parameters as the process parameters are 
measured by the at least one sensor, a timing 
device for tracking the process parameters as 
a function of time and a power supply for pro- 
viding power to the at least one sensor, the 
memory storage device and the timing device; 
securing the wafer in a processing chamber; 
subjecting the wafer to a process to be tested; 
storing process parameter data according to 
the measured process parameters in the mem- 
ory storage device during the duration of the 
process to be tested; and 
retrieving the process parameter data. 

20. The method as recited in claim 1 9 wherein the proc- 
ess parameters include temperature. 



11. The measurement device as recited in claim 10, 
wherein the sensors are distributed across the sem- 
iconductor wafer. 

12. The measurement device as recited in claim 10, 
wherein the sensors are positioned at predeter- 
mined locations on the semiconductor wafer. 



21. The method as recited in claim 20, further compris- 
es the step of measuring temperature with a reso- 
lution of about .1 degree Celsius. 

22. The method as recited in claim 1 9 wherein the proc- 
ess parameters include at least one of radiation, 
voltage and charge currents. 



13. The measurement device as recited in claim 10, 
wherein the process parameters include tempera- 
ture. 

30 

14. The measurement device as recited in claim 10, 
wherein the process parameters include at least 
one of radiation, voltage and charge current. 

15. The measurement device as recited in claim 10, 35 
wherein the memory storage device includes an 
electrically erasable programmable read only mem- 
ory (EEPROM). 



16. The measurement device as recited in claim 10, 40 
wherein the sensors include a p-n junction device. 



17. The measurement device as recited in claim 10, 
wherein the power supply is powered by an external 
light source. 45 

18. The measurement device as recited in claim 10, 
wherein the measurement device further comprises 
a processor for managing device functions. 

so 

1 9. A method for measuring process parameters during 
a semiconductor fabrication process comprising the 
steps of: 

providing a semiconductor wafer having at £5 
least one processed chip formed thereon, the 
processed chip further including at least one 
sensor for measuring process parameters, a 
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(57) A measurement device for in-situ measure- 
ment of processing parameters, in accordance with the 
present invention, includes a semiconductor wafer hav- 
ing at least one processed chip formed thereon. The 
processed chip further includes at least one sensor for 
measuring process parameters. A memory storage de- 
vice for storing the process parameters as the process 
parameters are measured by the at least one sensor is 
also included. A timing device is provided for tracking 
the process parameters as a function of time, and a pow- 
er supply is included for providing power to the at least 
one sensor, the memory storage device and the timing 
device. Also, a method is described for making meas- 
urements with the measurement device. 
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